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Abstract 

The Space Infrared Telescope  Facility (SIRTF) is a cornerstone of NASA's Origins 
program,  and will complete NASA's family of  Great Observatories when it is launched in 
December 2001. SIRTF will provide imaging with point source sensitivities ranging from 
a few pJy  at 3.6pm to ry 20 nlJy at 160pm, and spectroscopy of sources brighter than a 
mJy over the 5 - 40pm range. Over 75% of observing time during SIRTF's expected 5 
year lifetime will be available to general investigators from the  international communit'y, 
with the  first call for proposals in July 2000. I review SIRTF's capa.bilities and plans for 
the  study of galaxy formation and evolution. 

1 Introduction 

After  many  years of conceptual design studies,  the Space Infrared  Telescope Facility (SIRTF 
- Figure 1) has  entered  its final construction  phase 141. SIRTF will consist of a 0.Slj-meter 
cryogenically-cooled  telescope a.nd three science instruments  capable of performing  imaging 
and  spectroscopy  in  the 3 - 1SOpm wavelength  band.  With  launch  planned for December 2001, 
SIRTF will complete NASA's family of Great  Observatories. Large format  infrared  detector 
arrays,  coupled  with  innovative choices in  orbit  and  system  architecture will give SIRTF a 
large  increase  in  sensitivity across its wavelength  range,  compared to  previous  missions  such 
as IRAS and ISO. Over 75% of the observing time  during  its  2.5year-minimum ( 5  year  goal) 
lifetime will be awarded  to general  investigators. .4 call for Legacy Proposals (large  projects 
of both  immediate scientific interest  and  lasting  archival  value,  and  with  no  proprietary data 
period) is planned for July of 2000. For the most  up-to-date  information  on SIRTF, see 
http://sirtf.caltech.edu. 

2 Infrared  Observations  and Galaxy Formation 

Studies of galaxy  fornmtiotl a.nd evolution  have been one of the chief motivations for SIRTF 
since  its  inception.  There are several  funclanlental reasons why infrared  observations  are  crucial 
for such  studies.  These  include  the cosmological  redshift., the  ubiquity of the H- ion as a 

spectral  energy  distribution of star forming regions. 
It is almost a tautology to state  that  infrared  data  are rlecessary to  understand  evolutionary 

effects in  high  redshift,  ga,laxies.  Comparisons of galaxies at different  lookback time  must be 

i dominant  opacity  source in stellar  populations,  and  the  importance of dust  in  modulating  the 
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Figure I :  ,SZRTF seen in its  Eartll-tra.iling solar orhit. 



4 SIRTF Instruments 

The SIRTF instruments  are  the  Infrared  Array  Camera (IRAC - G. Fazio, SAO, PI [5]); the In- 
frared  Spectrograph (IRS - J. Houck,  Cornell, PI [20]); and  the  Multiband  Imaging  Photometer 
for SIRTF (MIPS - G. Rieke, U. Arizona, PI [ll]). In addition,  Pointing  Calibration  Reference 
Sensor (PCRS) arrays  are used to  facilitate precision pointing of the  instruments  (Figure 2). 

IRAC provides  imaging at 3.6,  4.5, 5.8, and  8pm,  with  predicted  point  source  sensitivities 
(50 in 500  sec) of M 3, 4,  10,  and  15pJy  respectively. All bands use arrays  with 256* 1’12 pixels, 
with  InSb  detectors for the two  shorter  wavelengths,  and Si:As IBC detectors for the two  longer 
longer  wavelengths.  Dichroic  beamsplitters allow the 3.6 and  5.8pm  arrays  to view the  same 
511 X 5!1 field while  an  adjacent field is simultaneously  imaged  at 4.5 and  Spm. A shutter allows 
dark  current  and  absolute  sky  brightness  measurements,  and  its  mirrored  inner  surface  can  also 
be  illuminated by calibration sources. 

The IRS uses a 12S2 pixel Si:As IBC array  and a 12S2 pixel Si:Sb IBC array  to  provide low 
resolution (R M 50) long-slit ( I ’  - 215) spectroscopy  from 5 - 40pm. ,4 second  pair of these 
arrays  provides  moderate  resolution (R M 600) echelle  spectroscopy  with 12” - 22” slits  from 
10 - 40pm. The low resolution  sensitivity is N 1 m,Jy (50 in 500 sec),  while  the  line  sensitivity 
in the echelle  mode is M 3 x 10”’ W/m2.  Part of the low resolution  Si:As  array is used to 
obtain  “peak-up”  images over two 1’ x 112 fields: one  covering 13  - ISpm,  the  other 18 - 26pm. 
Onboard  centroids  are  determined  from  these  peak-up  images to offset the  source  directly  onto 
the selected  slit  with  sub-arcsecond  accuracy. 

The MIPS provides  imaging over a .5!3 field using a 12g2 pixel Si:As IBC array  at 24pm, and a 
322 pixel  Ge:Ga  photoconductor  array  at  100pm. A 2 x 20 pixel stressed Ge:Ga photoconductor 
array  images a 0!5 x 513 field at  160pm.  Predicted 5 0  in 500 second sensitivities  are 0.37, 1.4, 
and 22.5 mJy respectively in the  three  bands  (the  160pm value is limited by confusion). A scan 
mirror  derived  from  the design  proven  in I S O s  SWS instrument a.llows sources to  be  chopped 
on  and off the  detectors.  The  scan  mirror also enables  MIPS  to efficiently survey  large  areas, 
by freezing an image of the sky on the  three  detectors for several  seconds  while the  observatory 
continuously  scans in the  opposite  direction  at a constant  rate.  Other  settings of the  scan 
mirror  enable a fully-sampled, higher  magnification  mode at 7Opn1, and  an R M lrj spectral 
energy  distribution  mode from 52 - 99pm. 

5 SIRTF and Galaxy Formation and Evolution 

1tcla.tivc~ t o  ISO, S I R 7 F ’ s  t lc~tector arrays provide  typically 1 - 2 orders of magnitude  better 
sensitivity,  coupled  with 1 - 2 orders of magnitude  more pixels. These  gains  are sufficient to 
hriug va.st ntlrnbers of distant ga.la.xies at large 1ookha.ck tirnes  within SIRTF’s grasp. 



Figure 2: Approximate locations of SIRTF instrument  apertures  projected  onto  the sky. -4 
scan  mirror  enables  the MIPS arrays  to cover the  rectangular regions shown; the  instantaneous 
fields are  actually 5!3 square  at 24 and 70pn and Oi.5 x 5!3 at 160pm. 

3 SIRTF Mission Overview 

The  Observatory is shown in Figure 1. Several innovative design features  have  enabled SIRTF 
to  retain  the  majority of the originally  envisioned science capability  at a fraction of the  original 
cost and  mass. 

SIRTF’s 8.5-cm aperture C‘assegrain telescope is cooled by helium  vapor to 5.5 Ei. The 
telescope  primary  and  seconchry  mirrors  are  constructed of beryllium,  and  the  f-ratio of the 
system is f / l2 .   The telescope is a Ritchey-Chretien design,  diffraction limited  at  a  wavelength of 
6.5p.m. Three science instruments  share  the 32 arcminute  diameter focal plane  (Figure 2). and 
are  located in a chamber cooled to 1.4 K by superfluid helium. A major  technical  development 
of the SIRTF mission has been the  implementation of a “warm-launch  architecture,” in which 
SIRTF’s telescope  assembly is launched  at  ambient  temperature  and allowed to cool racliatively 
(passively)  to z 30K, and  only  then  thermally  connected  to  the  helium  tank.  Only  the focal- 
plane  instruments  and  the  compact  liquid  helium  cryostat  are enclosed in a vacuum shell. This 
ha.s led to a dramatic tecluctioll in the volume of liquid cryogen required (360 liters)  for  the 
Fj-year mission. 

A Delta 7920-H rocket will t w  used to  launch SlRTF directly  into  an  Earth-trailing helio- 
centric  orbit,  which  drifts away from the  Earth  at  approximately 0.1 AU per year. No orbit 
corrections  or  adjustments  are  envisaged.  This  orbit removes the  thermal load and viewing 



O I I V  o l '  t l lc '  clefinirlg  sc.icntific*  progra.rl1s for S'IRTE' is tllc. stucly o f  galaxies to J > :j by means 
o f  t l c v ' l )  srlrveys at 3 - IOpr11. 'I'tlis l i l l l i t .  LVAS s t . l (~ . ! (~ I  I)c>carlse it is apparently heyond the peak 
i r l  t l l c  space  density of luminous  quasars [22]. N o t  onlv will IRAC's  excellent  sensitivity  in  this 
wavelength  region a.llow such  galaxies to be  detected  (Figure 3 ) ,  but  the H- opacity  minimum 
at  1.6pm [13] is expected  to  be  a  major  tool in photometric redshift determination  at 1 < z < 5 
[ X ] ,  [2:3] ,  since  it is a ubiquitous  feature of stellar  atmospheres. 

UV-bright  examples of such  galaxies  have  already  been  detected  by  means of the  Lyman 
break  technique  [24], [25] and  they play an  important role in the overall star  formation  history 
of the Universe [16]. By  detecting  galaxies on the  strength of their UV emission, however, LBG 
samples  are  necessarily biased in favor of those  with  both  active  sta.r  formation  and  relatively 
modest  extinction.  Such  samples will not reveal if there is an  underlying  population of galaxies 
which have  already  assembled  the  bulk of their  stellar  mass.  In the absence of ongoing star 
formation,  even  massive  galaxies will be too faint in the  rest-frame  ultraviolet  to  be picked up by 
optical  surveys.  The  stellar  mass  already  present at an  early  epoch  constrains the star  formation 
rate  to  that  point, a quantity which is still  uncertain  due  to  the  possibility of significant dust 
extinction.  Hence  an  accurate  picture of the  star  formation  history of the universe  can  only  be 
determined by making  an  accurate  census of all galaxies,  not  just  star-forming  ones  with low 
extinction.  Since  the  luminosity in the  rest-frame  near-infrared  correlates  linearly  with  mass 
[7] and is relatively  unaffected by dust  obscuration,  this is clearly the  spectral region  in  which 
to  make  such a census. 

Figure 3 shows that IRAC sensitivity is sufficient to  sample  around  the rest  frame  1.6pm 
peak  to z > 3 .  Scaling  from  existing 1%- selected  samples,  Simpson & Eisenhardt [23] estimate 
that  IRAC  could  generate a sample  containing  roughly  one  thousand z = 3L" galaxies  in  100 
hours of observation.  Beyond  generating a sample  selected  primarily  on  mass,  IRXC  sampling 
of the  1.6pm  peak  can  be used to  obtain  photometric  redshifts.  The Fj.8 and 8,um IRAC filters 
were optimized for photometric  redshifts of 2 3 galaxies  [23]. 

As an  illustration of  how photometric  redshifts  can  be  derived  from  IRAC  data,  Figure 
4 shows a 3.6 - 4.5pm vs. 5.6 - 8.0pm color-color plot for the  galaxy  models  considered in 
Simpson SC Eisenhardt [23] in the redshift  range 1 < z < Fj. It  can  be  seen  that  the color in  the 
two Si:As filters is generally  able  to  provide  an  excellent  measurement of the  galaxy  redshift for 
z 2 2. For 1 z 2, the 3.6 - 4.5pm color provides  most of the  photometric  redshift  signal. 
Only  Model D has a very  limited  range of colors which might  hamper  analysis,  since we are 
observing  the  Rayleigh-Jeans  tail of a recent  starburst  with only weak metal  line  blanketing; 
however, this is exactly  the  sort of UV-bright  galaxy which  would be detected in surveys for 
ITV dropouts,  and so this  does not pose a problem. 

5.2 Infrared L,uminous Galaxies 

In the local universe, :30% or more of the  bolometric  energy of galaxies is emitted  at > 1Opm 
[9],  [all.  The  ratio of IR to  UVjoptical  luminosity increases  with star  formation  rate  and 
luminosity,  and  can  exceed 1 O O : l  in extreme cases. As derived  from UV luminosity,  both  the 
incidence of high SFR galaxies  and  the global SFR were much  higher a t  z 2 1 than  today  [16]. 
Hence i t  is plausible  to  expect  that  ultra-luminous IR starburst  galaxies  such as A r p  220 were 
a.lso much [nore common  at high redshift. 

The detection of the cosmic  infrared  background (CIB) act 140 and 240pm by DIRBE [8] 
demonstrates  that  at  least half of the  bolometric  energy  integrated over the age of the Universe 
is found in the IR-submrn rallge [:I]. Deep ol,scrvations  with SCUBA reveal a population of 
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Figure 3 :  R/Zodel spectra a.s a .  function of redshift for a nlaxinlally  old L* galaxy  in which 
all stars  formed in an  instantmeous burst at 2 = 00, and evolve  passively  thereafter, in an 
H ,  = .50, q, = 0.1 cosmology. The flux is normalized  to M I <  = -25.1 today [6]. Also shown are 
the IRAC sensitivities (10 in 500 seconds). 



Figure .5: Simulated 7Opm map of 3.5 x :%5' region with MIPS (left) vs. I S 0  (right). 
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Figure 6: Simulated low-resolution IRS spectrum of an  ultraluminous IR galaxy at z = 2 (left), 
and high-resolution  spectrum at. 2 = 1 (right). 
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Figure 4: Loci  of the  four  galaxy  models discussed in 1231 in the L - M us A, - Bp (3.6 - 4.5pm 
vs. 5.6-S.Opm) color-color diagram. The locations of the models at z = 1,2,3,4,5 are  indicated. 

S50pm  sources  with fluxes > 1 m.Jy which  can account for much of the CIB [12], [l], while I S 0  
surveys  to 100 mJy  a t  175pm reveal a population which accounts for roughly  10% of the CIB 

MIPS can  obtain  photometry for sources similar  to Arp 220 to 3 - 2, and  should  be  able 
to  identify  the  bulk of the  discrete sources  comprising the CIB at  160pm.  Targeted MIPS 
observations of luminous LBG galaxies on  the  one  hand,  and of SCUBA sources on  the  other 
will allow the  construction of complete  spectral  energy  distributions for these  objects,  and show 
whether  there is any significant overlap  between  objects which contribute  to  the  UV/optical 
cosmic  background  and  those which make  up  the CIB. 

The MIPS scan  mirror  enables  large  areas  to  be  surveyed efficiently. Figure 5 illustrates 
the  type of data  expected from 24 hours of MIPS observation, as compared  to  the  same  time 
with 15’0. Surveys  such as these will  allow SIRTF to identify  large enough  samples  to  search 
for rare  and  perhaps  presently  unknown classes of objects. 

[19]. 

5.3  Starbursts vs. AGN 

While  surveys  can reveal  previously unsuspected  populations  and  determine  global  parameters, 
spectroscopy is necessary  to  understand  the physical nature of the  infrared  luminous  objects 
SIRTF will discover. For  hea.vily extincted  objects with extreme  ratios of IR. to  IJV/optical 
luminosity,  the IRS is likely to be the only tool to  obtain the redshift. Figure 6 shows simulated 
IRS spectra of an  Arp 220-like IJLIRG wi th  the low resolution modules a t  z = 2 and  with  the 
high resolution  modules  at 2 = 1. The  complete low resolution spectrum w o ~ ~ l d  require a few 
hours of IRS observing, while the high resolution spectrrm corresponds to 1000 seconds of 
integration. 

One of the  fundamental  questions regarding ULIRG’s is whether  they are powered by star- 
bursts or by AGN. The broad peak at an observed wavelength of 23pm in the low  rctsolution 



.S//r'7'/+"s a.clvit.nces o v e r  previor~s I H  ca.pabilit.ies w i l l  c ~ t l a l , l t ~  tlra.ma,t,ic progrcss t o  I)(: ulatle on 
sot11c o f  t.oda?;'s rtlost. p r c ~ s i l ~ g  questions regardillg galaxy formation ancl evolution. In the 
hroatlcst terms. SIHTF will provide the  data neecletl to understand  the  connection  between  the 
starlight  making u p  the  UV/Optical cosmic background  and  the  dust responsible for the  CIB. 

Surveys  with IRAC will enable  the  generation of field galaxy  samples  selected on the rest- 
frame  1.6pm  peak out to : = 4. Such samples  are  complementary  to  those  based  on  the 
Lyman  break,  because  they are relatively insensitive to  dust  and  to  the  current  star  formation 
rate.  These  samples will be  selected  approximately on mass,  assuming the local linear  scaling 
of the  1.6pm  peak  with clynamical mass (i.e., the Tully-Fisher relation)  continues to hold at 
high  redshift.  By  sampling  around  the rest frame  1.6pm  peak, we expect  that  IRAC will be 
able to  estimate  photometric redshifts to 10% for galaxies  as bright  as L* to z > 3. MIPS 
observations will allow the  study of ULIRG's to z - 3 and beyond out  to 40pm in the rest 
frame.  The  resulting  spectra1  energy  distributions will define the  bolometric  luminosities of 
sources  recently  found by SCUBA,  and  establish  the  degree of overlap  between the  sub-mm 
and UV selected  populations.  IRS observations will provide  redshifts for populations  too  red 
to  measure  using  ground-based telescopes, and reveal the  extent  to which AGN vs. starbursts 
are  responsible for the ULIRG  component  as a function of lookback time. 

Finally,  with  these  advances in the capability,  it is highly likely that previously unsuspected 
phenomena will be  discovered by SIRTF. The  opportunity for the  astronomical  community to 
make  such discoveries is fast  approaching:  the  first proposals for SIRTF time will be due in 
September 2000, with  launch a little over a year  later. 
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